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(Abstract.)
A dielectric, like an electrolyte, is assumed to consist of molecules, each comprising, in the simplest case, two oppositely charged atoms at a definite distance apart. In a homogeneous medium, when not subjected to electric strain, these molecules will be arranged in such a manner that any element of volume will possess no resultant electric moment. If a definite potential difference be maintained between any two parallel planes in the medium, the positively charged atoms will move to points of lower, and the negatively charged atoms to points of higher, potential. Thus two kinds of molecular strain are produced: firstly, a molecular rotation; and secondly, a separation in the molecule of the constituent atoms. Let P be the actual electromotive intensity at any point in the medium, and D be the electric displacement other than that pro duced by the atomic charges. Then
where M is a constant depending on the nature of the medium. The quantity 1+4+M represents the specific inductive capacity of the medium. The actual linear displacement of, the atoms is shown to be small when compared with molecular magnitudes.
Maxwell's equation, expressing that the line integral of the electro motive intensity round a closed cii'cuit is equal to the rate of decrease of the magnetic induction through the circuit, needs no modification when the propagation of disturbances through the above medium is considered. Maxwell's second equation is modi fied by adding to the total displacement current at any point the expression Hqvx, where q is the atomic charge, vx that charge in the direction considered, and 2 denotes summation for unit volume.
Subsidiary equations for the atomic vibrations (rotational and separational) are given, and the refractive index is finally deter mined in the form ...v +JZL+HL, which is the most general form of K etteler's dispersion formula.
is found to be equal to the specific inductive capacity of th medium, as previously determ ined.
F or a medium which m ight be compressed w ithout altering th period of vibration of the constituent molecules, Gladstone am Dale's law, in the modified form /i2-loc density, would follow. Double refraction, in case of a uniaxial crystal, is explained on the assumption th a t the molecules are arranged w ith th e ir axes parallel to a certain direction. E lectrical disturbances perpendicular to this direction will produce a m olecular rotation, w hilst those parallel to this direction will produce an inter-atom ic separation. The doubly refracting nature of a dielectric w hen subjected to electric strain is thus explained; and it is pointed out th a t Lord Kelvin was led to postulate a crystalline stru ctu re sim ilar to the above to account for the pyro-electric properties of tourm aline, &e.
For infinitely quick vibrations the refractive index of the above medium will be equal to unity, a result possibly explaining the action of m aterial bodies on R ontgen radiations.
Assuming a m etallic or quasi-m etallic substance to have a struc ture essentially sim ilar to th a t described above, w ith the addition th a t a viscous term is included in the equation for the atomic vibra tion, the refractive index of a m etal is found in the form of a complex quantity, the im aginary p a rt of which is essentially positive, j The ordinary laws of m etallic reflection, as deduced by Cauchy and others, will therefore hold. I t is shown th a t for those metals in j which the real p art of the square of the refractive index is a large i negative quantity, the velocity of propagation of lig h t will be in-j versely proportional to the molecular viscosity. Since Mr. Tomlin-j son has shown th a t for those m etals which he had examined the | order of m agnitude of the specific electrical resistances was the same as th a t of the molecular viscosities, a connection is established between the velocity of lig h t and th e electrical conductivity of a metal, agreeing with th a t obtained experim entally by K undt.
The initial assumptions in the above investigation are sim ilar to til those made by Helmholtz in his papers on the " E lectro-m agnetic* heory of Dispersion. * Some doubt bas been expressed as to l w ether Helmholtz s developments are in consonance with Maxwell's S theory.f In the present case the principle of Least Action is n o t ! used. The dispersion form ula obtained differs from th a t of H e lm -1 holtz, but bears a general resem blance to th a t obtained by Rieff in 1 Ins modification of H elm holtz's theory.* A more definite p h y s ic a l! significance is, however, given to th e various constants introduced.
